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VISUAL DETECiIUi IN AIR INTLRCL?PTION 


Reference: (a) JEG Study Toy 263, "Sgarch and Screening: 
Visual Dexcetion", Restricved, 9 April i646. 
{b) OLG Study No. 256, “Searet. and Sereeninr: 
Target Datecsion" Restricced, 18 itarch 1046, 
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Lixtoricr aAtreraft Surfaces" Restricted, 
14 Moy 1945. 
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This study corcerns ‘che provability thet a elnris 
fiehter sircreft will uske visiuel contact on a sinsie tarvet 
alreraft under daylieht comditione of Llluminaticn, Guanti- 


tative results ore Reb SESS yhich permit the soupytatbion if 
the probability of sieviivines oy any given range as a function 
of gach of a inmber of Y Eaerme ters. VIE typical examples 

aro worked out in Jatcil showine the offects of such paxvéemetera, 
Qg relutive speed, anzlu oF vhEN, uncertainty in azimuth and 
in elsvation, The sicitine probabLlities decraase with size 
of alrereft and with incrgase in relctive speed. lKelither 
head-on nor tail chases zivos the bost chance of detection, 
Best results ore obtulned whon the tarret Le viewed fron 
between 110° and 140° frou oow on, or correspondinrly between 
2209 and 250°, 
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At the present anege in the cevelopmant of C.I.,c, 
and fichter direction equlp..ent and procedures, tt 23 not 
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possible for an aircraft to camplate aa interceat ton (pos tt a 
ttself for PTirins ita waapo2ie! on the basis of Inforastion 
from C.1.C. alone, fhe final detection, ov “telly-tio", must 
be made froa the tntercestur alreraft by visual, recar or 
other «eans, This study £3 concarned «with visual cetecticn 
of enoay eiroreft by the interceptor aircraft uader. dayli ht 
conditions of illumination. tiie radar aetrection problem 
will be the syubfeast of a leter study. 
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It sheuld Le epprecisted at tho outset thet tha 
C,I.C. and "tally-ho. prebiu:s ares clogsiy interrelated; 
the requirencnta which must be mest by one opie sige Soe 
on tho results co be expratead frou the other. 
the sige of the sacter whies. auat be scanned by 
pilot La dietated in larps arrt by the Recuracy 
it 18 vectored. jJecsusa of the inte geil ee Gi) just cas 
and variations Lo bs expsebcrd L peeves: GS elevatlow 
and reletive beg:sinr of the gun, ene et ct 26 ane 
visuol camcutlers, 4: ivi ees und ancles of tupros 
the datection proodle: bs studied for a reistivaly 
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preawinol;, ba dived by sta: hoda alone. 
of the Large Visser cr pera ze such an one 
Lees poaesiola Githc the Ques on ; Ligrliar 297% 
On Visual detec. ton, Sased 12 5g.15 Aptcianees post ot: 
of (Ye Inidsn fe, Ls apaiicoie, However, aid hes béen 
ag the basis oft Biba eee wale scucy is concerned 
with visual debt: n Es gitiple ensainy sirerart by 
intercertor Alrrcoer, wider deylie ss condi eons of 2 
Windle the probi-- Visit Cateciien of multiple 
will be tlie sue et < Lote atudy, ee seen 
are incluaed he. The varcstel necolena for radar 
will he tho aut.. ; tugy. The operati 
ovo empleyaa to tatadish ree be ue Coven oF the one 
inyoivod St: the -melpsies aan mS) @ theck on the tinec ter 
obtained, 
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While searchins «a visual field. she human eye does 
not scan continuously, but moves fin Jumna and can see only 
duvine the pauses or ‘fixations’ cetwoen jumps. The time 
froa tie baginning of one Slastion to the Derinning of th 
next la avout 0,28 seconds. There 1s pood evidence for the 
belief that from 6 to 8B successive fixaticus are made in the 
sane peneral rnin cea before anuther direction is investicated 
so that effectively the fixation tise is from 1.5 to 2 seconds 
(reference (a)). 


Tho least visibte tergpets can b- seon only om the 
fovea or central part of the retina ef thes eyae. This resion 
ia only one or two desrros ecrosa, 30 tin:. & relatively Large 
munber of fixations $a vegqulrod for a ren.onable chances of 
Imaging tha tareet on tho Tovea where Lt «an be seen. As 
the targat becomes more visible, it can *- sesn farther from 
ths vieswal axis or direccion of bect visio. In other ¥ords, 
tha mora visiplse vavzev enn o2 seen over na preater poneet oe 
of the totel aren of tne rotina, #8 this fraction inereases, 
tha number of fixations requlred for a reasonable chance of 
Cetection cdscreases, 
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be goen and outeldéy watch 4% can nou. ‘hia Pe a ig a eon 
VouLont Snsrosination Casi shen on) e*ect sbhevement of c4cts 
Soe tarvgeta whieh cil within ths detection i lewe: as ie aaa 
sented tra, will oe wisued end othars wrien fall outalde will 
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pe detected. ilerover, tue datecticn lobe is draw on the 
basis of 6 convention which assurses that tha number of eave 
detected is the sums 68 though all wiien fall within are de- 
tected and ell which fall outside cre missed. This dotection 
lobe cin be deserited by the equetion (rererence fa)) 
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ol the uppareni difference in brightness between target and 
backrround end che becke-one for which the eye ts adapted 
(reference | Ay... A is the aven of tho target expressed in 
square feet. iquation (1) does not hold for values of 0 
less than 0.3 degrees or preater than 90°. 


Tha foveal or inaximum range Ls obtained by setting 
the polar anvis 9 equal to 0.5 depress, the epproximate 
angular radius ef the fovea. idskine this Sune custen in 
Equetion (1) leads to the folioving exnprassion for the maxi- 
mum ranpe. 


a 
(2) Fe, = 0.165 S(e=1 7865 )8 


The maximum rares, as seemed in Equation {2} i, i8 a mathe- 
maticel abstraction which ig employed for convenience. Not 
all targets at ranges lees Fee meximun which ere imaped con 
the fovea are sagen, Similarly ree all tarvots at ranres 
preator than mzciaun which are t.aged on the fovea are miss 
Kere again, ths number of targets imarad on the fovea ack 
ave seen is equal to the numar thuc would be saen if all 
inside the waxliaun range wers seen and all outside were missed, 

Haze La the atmosohera has the sffect of reducing 
the apporent contrest of the tayget. If the neer or intrinsis 
contrast is designated ty. %, then 


= 6,44 R/V 
13) € = Gye 2 


where ‘Vo is the metooroic, cel visibility. or range at which 


daveg tareets sueh a8 mowitains vr a high coastline can be 

seen (refercne. vai), Tha consent in this fermuls is sliehtly 
different from cr.:b quoted in vurious reports resultine from 
NDRC work at the “iffany Poundation, The LP eany constant 
assumes that note rolozical VL8ivilicies are observed on tar= 
sete DaTiTy Lo Ae. ACh Ue hes contract. Thy ricure (3.44) 
emoloysd ners vat ves to typical terents usad to determine 
maCeorolorical yieibllity, Lees, 4 sentalns or hirh coastline. 
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The substitution of Masetion (2) In Eqvation (1) 
gives e comrlete description of tue detection lobe under day- 
lieht conditions of Lllumination: 


3.44 R/V : 
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The visibility V is a churacteristic of tha atmospheric 
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conditions which prevail, A is e« characteristic of the 
tarpet elone ard C, o cherecteristic of ths camouflare 

and the unirormi ty of tale nttien: Of tue Lidiminetion is 
not uiirerm {for exawpie, in « direction 10 or 29 derrecs 
from the eun), the wye ae to a Jeval of trichtness hirher 
than that of the inmedlaco tarpet eecarrouid, so that the 
Intrinsic contr’st Ls eeunees Ceelarcace (a)). 
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at, the shape of firs detection Loba 
2° the size of the tarzet. The 
area ia simply te scale the ranre 
vers the @etecs lien. Lope i i- 
uP oN, La alitiredieec,  Ihis 
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In these terms the polar angle 6 becomes 
Sn ee Se a 
(6) earl 6 Pej - {2 


where : 


: 4 
Pa a.ao(a “nyt / fo, ~ 1.565)? 


. 


G2 9,800 € (3, /RIPEZ (Cy = 2.582) 


The forruletion nhova cee from that «ef rofaerer.a« 
(a) in that #. rather then #8 is ~Oved 4S a gerle farcour, 
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While it is cuubtful Lf the abnoiute altitudes 
of the target can be devarmined with any dorree of precisicn, 
{t+ should be possible, when both target uni interceptor are 
on the altitude determining ssope torzether for C.I.0, to 
determine the uaynituda and direction of the altitude dif- 
ferences to wlthin avout a thousand feet, su that the infor- 
mation froma C.I.0. to tie inverceutor can include a statement 
of tarzet position in tnousends of feet above or bolow the 
interceptor. On the basig of past experience it is assumed 
that the altitude uncertainty is of the order of one to three 
thousarid feet. 


The center of a pip on a radar scope can be de~ 
termined with felrly }.ich necuracy, 1L.e., to within a fraction 
of arvile, -However, to devermine the distence, in plan, 
between the tarege. and the relative MOV OIaris line iz a less 
strairntforverd problem. The accuracy of this determination 
dspends3 not only on tho accurscy with which the center of 
each pip :an bo locatod ous also on the duration of the portiod 
during which tracking has ».een carried out. There is a further 
unsertezinty introduced sy che pessibility that the target may 
enangs ¢ourss darlap ins iinagld etagesa of tis interception. 


It se 4towstful, a if C.1I.C. can predict the distance 
ac 


between the target ance o relstive movement line closer than 
trom & 60 S Wiles, tar ae isposes of this study, thuersfore, 

it is éssumed that the uncertainty in ths distance of the 
tercet from the relative mevement line is larre compared with 
the altitude uncertaint;. ‘ 


If the altitude ciffersnce were known to be zero 
{t would be sufficient co cin in azimuth only. If, on ths 
other hand, tho uncsrualniy in relative altituds wore che 
Saine &3 the uncertainty in the targot diatence from the 
reletivs movement tims, it wiuld be mecaseury to sean the 
solid anrle enalossd by @ clrenlar cone. In this study, 
solid angles acan jis da nmaean but with the scanning angle in 
elevation much smalisr then the scanning angls in azimuth. 
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In the earlier sweticns cf this report, the various 
factors ori which the prebebiiity: of visual, detection dspends 
have 26h pressntet. 81 tir v.0m;, ese Cactors ara 
combined to proviee a faneti:nal volationcsnip cennecting then 
Wich. kis proonei lity oF desert iiag. dist the anusaler travel 
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ar the visual axts during 3icaaning be llisited in ezimuth to 
atid en,rle Gh on alther aide of the esticruted relative move- 
ment line, and in elevation to an anrle & abova or below 
the exvected alevuation cf ths target. If the target is 
within the solid argls covered the probability of detection 
pe in one plimpse i3 simply the retio of the solid engle 
covered por pzlinpse, anc the total solid angie, i.e., 


(7) | g 20? +e) (9 


xa) 


One giimpsa can be thou ht of as a numpds oF successive 
fixations all muda in approximately the sexe direction. 
From the aateriul in revsrenee (a. Lt ifs a:tinated that the 
tliae requiced for one gilwose is about 1.¢23 seconds. 


It is to be rementcred in computing the plimpss 
probability g¢ that the contvearte given ulsve are for a 
single observer. if there ara tivo observers in the aircraft, 
they can divide the totul czinuth ancle (;) vetveen then, 
each taking halt. In this cese, the single plinvse prob- 
abilliiuy ror the peir Ls the same as that Tor one scanning 
an azimutn anele half as largs. 


It remains, 
Getectionm on tho 
of detection P 
the search. Wirst, 


comcolae tie Dele hal e c of 
pses to abtein the probability 
“t feiLouiny Gee Cosinnine of 
tem must bo adopted for searching 
he piver solic arcle ér to Jmsure tnat the number of 
glimpses in eny given ction wil] be the game, per unit 
tine, fer any Linset: ‘tin 0 @ivet gqia¢e anrie, This 
scaantSig eye Ee mist ae SwoO PpHqulraments: first, the 
time requised to compisse ors gean must be small comparod 
to the total séore: tino; waco second, thea diatribution or 
fixetions should ot: rensaonab..y unifora over tha solid an-rle 
scanned. One suz-sxsted schemes 13, lina seun in azimuth at 
a rate of about 1099 per second, with elevation coverure by 
moans of successalys azimuth scan lines. Havinp adcpted sust 
& system, ons cén procesd by elther of two methods, buth 
of which lead tou the seme resuit. Pirset consider the prob- 
-abLllity cf detectiun, Py, on cne complete scan of the solid 
angle, Jf there aro F. ¢limpses during the sean, then, 
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If instead of a collision ccurse the interceptor 
‘foliows o pursuit course, C.I.C, must keep tiie interceptor 
coastantly infermed es to whore, reletive to him, the target 
{3s to be expected. Luring nieh G turns, ci’ course, the 
interceptor can not be expected to search efrectively, so ay 
that this pert of the rolativa track can be t:aplected so far 
és any contribution Lt mey maie to the provability of de-~ a 
tection ts concarnad. In other parta of the relative track at 
the inte vreis appropr'lata for tne collision .o.urse can be 4h 
employed in conjunction witn the averare rel..tive velocity a4 
for subetitution ints hauation @3. The valucs of the various re 
parameters to be empicysad in serticulur cases arg the concern i 
of later sections of this study. } 


FORMATIONS AND STREA93 OF TARGET AIRCRAFT } a4 


This study, so far, has dealt with the interception . 4 
of single terget elrcreft. in actual combat, raids constatins 4 
of large foimationa or wven continuous streams of enemy sir= 3 
craft, aa wall as single snoo vers, can be expected. The a 
problern of waltiple targets will be the subject of a later 
study. (n anticlpacton of ¢. is study a qualitative discus- 
B sion in the present study gveans appropriate. 


eee 
Seas 


Tne factorg invol+>a in tha solution of the muitlpla 
. target problam can beat ue ..aualizad by considering two 4 
limiting cases: ss sinela tieht formation of enemy aircraft, a} 


and & stroan of Shan eireraft spécad a considerable diatanca 
apart, 


ah 
. i 1 
q . Before foing into the first of the two cases, it Pal 
é is desitevle to resxamine the concept of a visual detection ¥ 
4 . lobe, For eny piven finetlon of the eye there is, in ceneral, 4 
5 a definit® grebecllity of cetaetion a eiven target which do-= 
A pends upen the pange of the terget fron ths eye and its engular 
a separation from the most direct line of ateht. The aetaction 
4 | lebse was so cescribed in spice 48 to five the same probablibsy 
4 of deteciion, oy » random ination aa would be obtained if 
: | Bll targeiisa Inside tho detection lobe wera gesn and oll out- 
side twdlaned., Aeteaily moe tirests inside are missad and sone 
| outside aro seen. If thove is more than ons target aircrat't 
‘ in the close formetion, there is more than ono opportunity 
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for detecting an aircraft in a. iven fixation. A detection 
lobes to describe this improvec situation, therefore, must 

be incroased in size. Since ths probability of tally-ho, 
by any given range depends dire:tly upon the aize of tne 
detection loba, this provabilic: must increase with muaber 
of aircraft in the target fommesion. 


In the second case, txat of a stream of eircreft 
spaced & considereble distcnes apart, the detection lobe 
ts that for a single eircreft since no more than cre airs 
craft is ever in a veglon of nich detection orepability 
durine any given fixation. The number of targate within 
the solid angle scanned, howevec, ig increased so that the 
quantity g, the giimps: vrobrrility, which ocuurs in 
Equation (” must be altered so 42 to apply to a dictribution 


P 


of targets rather than to & ginsle ons, This distribution 


4s a function of rang It ia clear, from what has been snid, 


thut thea probabil’ Yr dotesitig at lasat one. uarzet by any 
eiven rans is F> LA streem then ror the 
sincle varzst. ~ } 

indicaved. The gre a * of teteet1 

craft in the targas 

in the scanning of: 9, slices eny decreases in intensity 
of search effert ti.courh spre Lue over -r 

angle is nearly or ever. more ib by an 


2, 


increase in the rmunber of targets insidsa t i exned. 


Actuel ciaes to be considered will includs, un- 
doubtedly, combinations of the ose Llisiting cases just ais~ 
cussed. "ne mips nave stroaus, nob of single planes, but 
of close fomitic.s of planes vococh seperated by soma cen~ 
siderable digsiancs, Or even a corlpiaueus stream with adjacent 
alrorefi close torsches. While the ceneral principles in- 
volved in the yo} itlens to the yarious multiple tarret pro- 
blens seen closr, the dateilea computusions will, no doukt, 
ba tedious. 


The pre -ehiliti¢s 2 
eet spacings (8) op efouch afei's two tarcets 
geen in 6 single ization nas Yvan esuiuuted for an 
off the boam, The results are preseated in Picure 
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the sun, the intrinsic contrast CG, 1s 9%, Substitution 
of these two quantities, area and intrinsic contrast, in 
Equation (5) ylelds 17.5 miles for the maximuia rence Ro. 


nfortunately the measurements of reference (c) 

did not include eccurato determinations of the meteorolo-icel 
visibility V so that un exact test of szuation (5), which 
4s apprepriate for hezée-trese conditions, could not be made. 
However, thera were a nuibver of neasureme::ts made in the 
caterery “above denser haze layer", In this catesory and 
away from the sun by at leest 909, the ctserved foveal ranres 
veried from 7.1 to 17.2 uwhles. Since the measurements vere 
made over a period of several inonths, it is reasonable to 
suppose that some of thin represent relatively haze-frea 
conditions, if, tn Mquetion (4), tive obvious substitutions 
are made (3 = 0.09; 4 3 119 square feet; %, = 97% and 
R = 17,1 miles), the uwetsorolopical visit .lLty Y° da 985 
miles. ‘ha fact that no ranzes greater than 17.6 miles were 
observed, snd that one within @ of this value aas observed, 
provides considerable confidence in the validity of Equation 
(5), altiuch of course they de not verify the equation. 

ineo tke equfLicn Mas tean verified in cther sightin? tuses 
the evidence Just prascnted Ls considered ample justification 
for vsing Equation (&) here, 


An earliup series of tests made under the sone 
Patuxont project ‘raference (d)) compared an unpainted alumi- 
num aircraft with a tiay«’ blue one, Sinse these tests con- 
Sisted of diract compa: ‘ison rung, the nmatsorolocicel visibil- 
{ty was the some for beth aircraft. Using the valuss obtained 
with tHe xno bitte Bir aeati we a Control, 2t is sosslibde to 
solve Lg juetion (4) for the mwateorvlopical visibility VV. 


Subs stitutin vhis value and the observed rane for the elumi- 
num vere e the intrinsite contrast, %,, can be octained 


For The PAUict Slrers fe. Unfortunately, preference (d) vives 
only the averers foveal ranga Sor each aircraft, and vot the 
resubts otteined from the Individual runs. the use of the 
AVOYE sa ranged “gave Gt Bios sab fect of eoursé to énrora 
introduced by the avaricine process. In references (c), 
Sndividval ruis ace viven in the satozory “overcast”, tne 
catovory Por tha runa wa #iiec tas averopes of refersnce (d) 
were Sdbtaincd. Pom t.¢ Gletrijutien in the ranges in cate- 
gory “overcast” from reference (c}, the error introduced by 
the averuring precoss tas eatinated, Corvactine for this 
error rives, as a megt prounble value, 27. as the intrinsic 
ecntranat of the alisinhua @irereft. ThLe veld Indieete a 
PGE Lectaviry Gl Taye Pdr tee © LPtrePrt, «hile dad within <ne 
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range of measurements for aluminum, in various stages of polish, 
recorded in the published literature. 


It is doubtful that eny camouflage will render an 
sircraft less visible, when viewed from approxinutely the sane 
altitude srainst e clear Liue sky, than cn alurinum aircraft, 
ror more visible than a Navy blue one. The aluminum does have 
the disacvar.te zo that, in some preferred directions, there are 
occasiongsl fleshass spaatlt? ne fvom specular reflection of the 
direct rays or the sun sit ohh hiicreuse the maximum range. 

‘nile these flashes are nezleevad in this study, it should be 
pointed out thet a mat rathar than a polished finish 1s to be 
desired, from tho ctmoufla’3 point of view, to avoid these 
occas tonal flashas, 


Wnen viewed fron abcva, the Navy blue 1a more oe 
ficult to detect avalnst the 302 than is ths aluntnum. When 
viewed ageairet a vice cloud, bsch kavy bluse and aluminum 
have higher ccntr#ats than wher. viewsd ageinst thse clear blue 
sky. Thin gein ir contrast ia wore eppsrent with the alumi- 
num than vlt!. tha wavy blue sirce the contrast of the latter 


r 


{3s alreacy Sv. 


Date concerning the influence of angular altitude 
and relative bensing of the sun on tha intrinsic contrast of 
alreruft are sonsriat gietechy, Somo idea of the effect of 
sun's altituds and relative bovine can be obtained from the 
data of referencs 12). Tnaso @:ta show thare is no simnifi- 
cant differouss .vesween tana ranze3 (and hence the in trinsic 
contrast) for tha evross and éo.7% 3ui directions. Furthermore 
there is go08 roigon to assurgsa iittla or no reduction in con- 
trest ever: as far as 45° tite the ur sun sector. Since it 
ie wewadl y poeslule tc 20 plen en interception 6s to xeep the 
stn in the eft sacior Teletivs to the line of Signt, she 
effects of enpular altituce enc relsutive bearing of the sun 
ave neglected here, 


The opas.ttonal deta va. pleoyed to check the final 
Peshive. Were cll oO wained at Selativery bey altituces. Some 
elieratior:s ; Mmigiolo.tod we Hivh astituses. For exntinple, 
LE La QU. Te ORL ee The CORPO Ol Pare eU “tees 
phers againaty wateh tne atverart 2e vlewsd tay be darker then 
at low altitudes shersas the ateerafs, iiliwuinated partly 
by Pinole y Sans ie ane persis 7 ee Livht Iron bolow, 
muy ANpsar to de a3 Uti Hh ats ah Lower eltifuins, Thie effect 
will Posilt Ge a Sian i ate eis somite ‘at “Gos 


€5 
Be 
= 
€- eS 
{. 

iq 

gE 

t 

| 


By 
4 


AB LA SSR ol aA i cee RTL iN to lhe Ra 


Ta 


‘ 


= tah 


fom IT NT eremer repens 5 oa teen eegeennern pane 


san, wett aud bed 
Le 6Vetoeber 1048 


Not infrequontly, 
leave vapor trails wh’... can be seen for see admean oss” 
These, of course, incresse ‘the probability of detection. 

‘the effects of vapor trails on the probarility of detection 
have not been included in this study se “hut the results 
presented arse conservative for theses cre3s under which vapor 
trails are present. Keports from 4naland itndicete thst ranges 
of up to 20 miles 6re ¢duetimes encountered. 


The effect of relative motion, dicing a fixation, 
has been noplected in this study. Thousin « small physiolorical 
effect is believed to -::ist, the main effect is believed to 
be a psychelo- “Leal one, Lse.4 the calling o Sttentisn to 4 
target which is really 3ecen anyhow, 


Before lsavine the meteorolovica! parameters, there 
is one further cass whieh snould be mentLoi:d., if the target. 
is viewed arckinst a clear aky but vith extensive white clouds 
in the sector aft of the line of stcht, the targot may actuelly 
appear brivhter then the bsexrround beceusa of added illumi - 
nation from the white cloud. At the prasent starra in the 
Si “mting opr. it Is fot pesslile to sive 2 quantitative <e- 
scription of thie effect in térms suet at ae siinple to bs 
of prectical use. lye speculer reflection flashes, the 
effect just aescrited .s of occasional occurrencs and hence 
is nerlected in this study. 


In planning «ny civen interception it is necessary 
to know something sooun tie alrerart to be intercspted and 
the condlitiona unaar which the interception Ls likely to be 
meade before the nmsximoc vun73 paraseter R, can te srlested. 
ft can be assumed that etm tarzet and intarceptor will be 
at approximately tia seas aliitude so that tally-ho will be 
mado acainst axy or cloud in approximately the plane of fiicnt. 
The a; parent t:ce of tha tarret vill very wlth aspact angle, 
1.@., the arifre betveen the Vergst heacing ond Lina Line ol 
sirnt. 


5 of cournu,to present tables of 
Kh, for weptete #25 reles for each of the varlous con~ 
celvable atrerart, : List the Fliwo aporopriate forwd 
piven tnterception coud be geleected. Unfortunately such 
a table wonid bs as extensive that it would oe cumbersome 
and thne-conucming to use. tt ts desirable, therefore, to 
look for seneralizétions which will simpli ly this proet ss 


It is ressitis 
ts 


An exmnlratic. of the affect of tarret aspect 
shovsa tiiat the ratio of the aves o3 vleved fron the beam and 
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from bow or stern is 2.4 20.5. This relationship holds 
for wirersft, jet om propeble= uriven, of conventional da - 
Blen varylar 22 ssee 2rom the bevy bau to thu Army XL=356. 
The relattonsiip does not hola for aircraft of the flying 

wing type. If it is assumed that the apparent area at espect 
anrle © is the sum of the projections cf bcw sné beam aspects, 
the aspect effect cen ther be expressed by the following 
equation: ; 


TC RR ee TEE et eeeebe pe. come 


(14) Row [Rog = Yoos K 4 2.4 sing, 


the velue of & st anztis O° and the adsclute values 
of the sine and co e@usad. A olot of Louation (14) is 
presented in -Leure 6. It shows shet the maxinas range Rp 

is consicerably ersater if the enrle betusen tho target course 
and the line cf si;lt lies betycen 50 and 15C Cerrees or bex 
tween 250 ard SlC cegvees rather then closer tc elther bow 

or stern. 


weere Roy isa the value of R, at aspect angle “, Rog 
a 5 
) 


ae 
lon 


{? whe avea of sry siven aspect of en circraft is 

known, the macimun vanza san bs Gotermined for ‘any aspect 
and for eny viven s.sourlave. Unfortunately, the area 13 

ddon piven un alvcrafs snecificutions so viat it ig moxve 
convenient +o dae tne maximun vance 5 Ln terms of 
some more usu3l cieracteristic wf the aircraft. Une such 
characteristic ia cae erase weient. Reasonine fron a dimensicn- 
&l arrument, <cne would expect tre maxinmanm ranes to be pro= 
portional to e linetr dilwensier of the aireraft which, in 
tury, shoula ce prej.ortionul fc i-= ¢ube root ef the pross 
veirit. 4/ test of this assunption is presented in Ml-ure 7. 
ete the metdutie Pree KK. 1a pletvied os o function of the 
cuba root of the «33 velyhLt fur tath bow and Leem aspect. 
2ho Ve buen “Iver uy. £Or BireMayt wiaayiine ineiee from Ehe 
her; SY A VES eat AGtGG Tides Wiha aise Pyted fini itm. 
is SPuds) poets. wlioe be ase S A thie fl eare, ana tas 
AGEWANALON Gf Prmape“spotallay B.peets Satrieientiy acerrate 
fer operations. 2u7 webs. bn“. ane 8 theaankaun rene 
Ry is pressntet [or bon sapeet. aso a Terstien of sresgs 
weltint Etr each oi @ munker of voluee @f imtriinals coitrast.s 


dnere ere BO sirereft cirsntine ¢hta aveileide far 
begtine Leeurti or (2), Phlenm ao. be *enenderce ef the con- 
tite. © -on The we pcorele Nged Viel whiliy Ve. Shoe eqnetton; 
knvitn [ren Loe a. ageverer ns bhOGiti tin & # .uv, hes Veen vori- 
fied wwany tite.) In cuir Ciligge 1% taid heres wey Ve considered 


on 


DOWNGRADED 10 


"4 Ae —A A ONS ear roar 
= his < e soi liae aL ' it a 
See a EAS Dae peo? 


« 
weet 
ret 


Eee ae 
sleds 


nee ers ene ene ee om re eset ea 


eae / 


’ 4 
1/5 | ar 


. re t : + Ley 
(Grose Wt, } 'GH586 Wis 6) 


€ 
kn eae enn Sen aS. “ 
: ' / 
i o 
fv 
20.0 8,000 . 
‘ or. 
22 a8 } 14 9 D) Ci | é 
25.0 f 1S. oes : ay : ; 
: c 3s | fe Boor Agtact 
Ge : D Roo ff sg aimee yas ete 
slot i OV y ae } / ’ 
a : (Seer ey aye 
50.0 27.,COG | * 
rz c. ae tad ard if 
a ora n iv ys wae i 
2 se, $ 
35.G _ 42,078 i 5 
mee LS 1A AO H : 
woe : wae - i ‘ “ 
me Rot 3 : 
40.0 54 096 ee # 
ive rsieem oc cmsiie ca aoe mia amrmee cee ee a ad of a Ve 
’ a 
¥) = 
? e 
: ‘apa i 
, oe Nha? 
€ ” 
: Zs 
3 dh 
; - 
i ee 
F 
we ‘a 
/ ft 
ft EN, 20888, 
he Oe Ve 
, 
‘ 
ate “ 
ie 
7 
7 Le 
f ¥, 
f a 
” 
4e “ 
. as won a 
> F 
¢ AeerEN 
. ry 
' 
Ae wd 
rg fc 
4 Cs 
¢ 
- 
oat? ee 7 Lt ‘ v’ 
Py : = 
ay rye ans . ae oe) Veeco tenia crt . ‘ 
ma SANTA ROG, HRSG cht RU La pus GC ) 
ADED T0 i veteet teed t- 4 
Copy DIT dood RB 
ripuct ; 
Pe Pregl Dubay. +fed?ie eproductiog 
1 an Aetna mE O68 enero ey ae , > ” 
a ’ en tl i NA i dc ne oan Genre eematascttet 
wer 
2a Bees PES AES Ne sy r " rive ss eae fal lefts nyaN wal 


. ion aids es eins ar. Tyre Pir eR Nis Ni Ae keisha work 
BD a oh — geitn . - 


Gia BS. tgesnd «2 
CURR Se ee Serres Ae 


We vetover 1448 


20.0 
22.9 
25.0 
27.5 
350.0 
32.6 

55.0 
55-5 
40.0 


a ~ Ro (miles) 


aximun Reng 


ha 
i 
eS 


2 
iL: 


licroes Wt ye I Gees Wt 


8,000 


i4, 
15, 
20, 


27, 
34, 
42 


O60 

0) 
BOO 
009 
350 


875 
44, 
64, 


T40 
oler@) 


Sane | 


ye een ated me me renee 21 LAE Re LEE ONE 


| 


yo 4 
/ 
/ 
, Fr 
Fa / i 
4 / 
‘a ‘ 
ioe 3 
: / ‘ ‘ 
. F, 
a 
é Aes 
‘ 
“a a 
, 
. “ “ “ 
“ ra 
if. 4) , 
oe OG ‘ 
; es 
. 3 f o . 
yg set 
of ‘ Uo 
, f . 
f a a“ f 
1 
oe a 
- =f va 


Ag At a 


“4 
ie 


a 


YS (pounds 75 
aero ee a 
AEA 
4 i 


iy 


Co 


Co 


oO 
vy Yo 
é 
vA C OQ 
¢ x 
a e 
y Ye 
4 
v 
Pac 
. ry 
¥ Ns 
‘3 
@ U 
we ey 
a a oO 
at 
Pad C 
Lo Qa 
(7% 
Ye) 
ie 
om 
Ney 
were 


ea 
ae ' 
Pare 
os 


ua 


ii 
t 
x 


¢ 


Cotas 


ier ro 
(4 Rf 


2 90 
= 80 
= 70 
= 60 
= 55 
= 6O 
* AS 
# 40 
a S5 
= 30 
on 25 
= 20 
245 


(LO)1448-48 
26 Uctober 1948 


#3 well establishec. The other constants tnvolved in com- 

puting the silmpse nrobebility « and the number of seconds 
required for ons glimpse have youn verltied in the laboratory 
and, to 30me anvenit,, in other :iichting preblemsa, There are 
goma few data available for musing a diract chock between 
ingasured and commuted probabil:t:as of datacticn. The check 

(based on reasagonable assuned vaiiss of the mete>rolosical 


5 visibility, sizs end camouflare of targat, aaiiutn and eleva- 
it tion angles scsaned, and relativ> sgeed) is good. This fact 
eM. 4s tLrrolevant; Aowsvo7r, since ths aetusl valuos of these 
~Syy quantities are very racertainiy upecified by trs date; no 


furtLer attention wiil Le paio to these date in this study. 


x 
( 
: SOLUS SORE ee SPECIFIC ATK LTERCHMPTION PRULLEGS 
% 
- iy. the praccdimz set ona Of This stady, sufricient 
4 information 1. ovaaerted for tiie solution of any visual ali? 
i intarception proble wie Le Seely vo oetur in nivel oper= 
v Ations. in this ssctlen, a tyoical exemole ia xorked out in 


of the quantitativa rasults to o> expected, and to atudcy tn 
eupatitetive errfets ef verdion: combine tlors of the parame- 
; tere wnich occur in the theory. i 


i aetail to illusteata the methois employs’, to rive an idea 
& 
j 


' For purposes of this c:emple, it Ls assumed that 
the terget is a meditm banter «2 conventional rether than 

' Piging wine Gesuen; thet its joes weisht 2a 66,000) pounds; 
ita cemourlarpe anvalnuted slumtrci, Lta croulsing speed 500 
mots, and tds: ie > Feo BS ON St eau ace whare th: meteor- 


P Ctagienl ~isipility Can wate" tS eineidered ag Un Jinived. 
= tS ee fur shes aaniein that one lsecauptor 28 &@ alnpis seater 
Bt Pisa tr WEtliwke opi bei? spsed of AnD dinetay; “aay 2S Flea 2g 

appeoximagols ine tarzet ollibuge and is attenpting irnter- 
ception atonr a « ‘Llisiea BOWLS 35, 

“a tn Warkinn out the aeeecarré encne 
Per corteim - ihe? tied Paloraed . 14m gavoly 
one or bine. ty olre rears sag 60 ba ot 
Revlon preLle: 25 seleed Tire. 2 ire oe 
in Table A. She [ieet 120 eoltceo elves te i 
GY SPPYOUCh 2 Poh VSM GF terri re of Lhe yee es Te ; not 
two colunns give the correnpe:. 1.7 Cirferences Votuesn the 
heedings of Lie tro eirerart, a TE REG, EMO Cen ele 
Pe WELALiap betel Sf Aik tov’ Pee he cit epeentor otad 
7G Nex> Ose fives Be ree 
PELEPLVS Foti poche Or Ee 
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HBELATIVS MOTION — - TARGET A°D INTENG :PT R 


“artat speed 500 knots 3 Ingercens y speed $5: Knots 
Tarp2t gross weiszht a83000 lbs; maeteorologic: . visibility unlimited 


intercept 1 tear-) Intercept:r Ncading| Felative 1 aring; Rela- Maxie 

lite £fem targeb | minus ; of target frem |! tive mum 

minus \ target heecins : s7iterce) io , speed range 
target heading | 
| (Geprees, (dagrees ) (degre. ) | {imots)! (niles 
came orate sarees aaa Av eeinariere Snr s emicuerieneeeree faves. aimee 8: | came sbearmemrereseee ee hanamninieanta 

i = | of \ 

Ses oe ! ee ae 
ar Reon ¢ 205.98 I @,00% ~ 3,00) 1090 | 1.4 
| 49 350 : 159,92 | 199.08 ; 9,93: 22 | 1036 | 15.8 
20 «| 340 * ei, be. 88S 2 15.12 BR + g93 12.5 
ee: ae 330 127.56 259 34. OU Be. on t 36.2 
| 49  2eG 104.24 253.75 95 35.78. 204,28 30 | 20.3 
| 50 | 310 A586 Sa  } BAe) aoe ae << 726 21,9 
} 60 3c0 68.07 201,623 | sis) ae s07 1 = S90 | 21.4 
! 70: 290 51,32 ° 303,68 en GS > 32 ' asp | 21,5 
‘a0 HO : 36,46 Qo3.55 | 3,52: 966,46 1 332 4 21.3 
90 . 270 | 24.62 335.38 | 89138: 964.62 1 230 | 20,7 
100 260 ' 16.46 345.54 | 63,54. 296.45 ; 1598 cae) 
2a) i) 259 10,32 : 343.68 : 26,084 301,32 2 Llp be es 
120 . 240 8.07 : 352.5 ' 34,934 308,07 : 88 | Bie 
130° | 280. ae ee a Ce ee SL 21.0 
140. 220 4.24: 395,75 | 39,76* 308.2% | 63 | 20,5 
150 3) BHO Sega BOs oa” Fey oen 1 yee OF 97 19s 
160 ; 200 1,26 CCCP | samen Mie Coes i 27: jag ya 8 ee 
170 3 190. G,Ge 330.5% 9.08 | 30,92 ae eee oe 
180 +: 180 00,00 369,00 6.06 ' 350,00 50 1 3M 
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usual trigonomatricel relations or by means of the manouvering 
fomilier with either 


board. It is assuned that the reader is 
or both methods. : 


The next step in the solution of the problem is 
to find out hew fer the target can ba seen, i.¢., to find 
the maximum fovenl range KR... “hig is done by rirst lLook- 
ine in Fircure 8 to find the maxiinum ren;e R, for a 38,000 


s pountl airerarm. tiicimele contrast Cy * 23h, “spect enrlie 
#2 QO, ext tha maximra penva Rg for other sspect angles 
ox; . \ : A a 
psitee 13 computed ustnz squatlon(dt Tne results are presented. 
<A 


in tha.last colwuna or Table 2, 


Wa are now in a posltion to compute contours of 
‘ probability of Cetoction for ery specified set of conditions. 
The probatilities selected ere 25, 50, 75 snd $0 per cent, 
% The fSlletine ceeorditiome, In addition bo these «aven carlier, 
ere assumec: lhe litercerptor cormas to a coliision courge 


a : ‘5 fi 
ni Outside weninvis renpe My, anc continues on this course, 

t The pisiot seurches ah decrees ae eZimuth on each side.of the 
* relative movement tana (Ge 46) und 3 degrees in elovation 


above and below th» expected tereet_altitude (8 =_3), 
‘The meteorolovzical visibility 13 anilmlted, i.e., Ro/¥ = 0. 


ona 


Por 25, 00, 75 gad So per cent srobabilities of 


‘ detection, tha exooaant in isquatton (13)inust be -0,288, 
; 96.693, <1.605 22d +-2.393, <reapectively. The velues 


of the inteerals 1: Fleurs AL ie # 2%, Ho/V 2 0) must 
de the preducts ef these exponents and v/R,, where v 

ig the relativa velocity in knots, Fer conventance chess 
products are listad in lable &. "-r escr cf the 4 prebebil-~ 
Lties given oieve, o« a Purctisr af weperct encle eX. . 


Once tis vwelues vhich the Intagrala must have are 
bothined, Cha Ver Of Akg ern Be found in Mime Al. 
Thess, when weltis tod by whe Spptoprlune value of Ro, eive 
the Sanpes tn sjisa ab whisn Siu varlous prevasiltities. of 
dutectyon Ose2% ‘Na Poeguites acc praasited in eLerurs 9 as 
polar plots of pPat-s Sa a TPunceion of Sabest apewle for the 

4 probabilities os: dJotestion censidersd. Because of the 
changs in ralutivs speed with csnect anealea, the effect of 
enanrea in Kh. wlth sspect anjloe is net clearly apparent 

in this fipurea, esemimetion «cf thia point, xcapinr reletive 
Speed constant, shows that 6a hk, is increesed tha rance 
Jer gre 


Por any piven prolate Ly (kGr cic aes Bore then proportlensai ty. 
A marked effect cf ralative speea on the srobabtlity contours 
IS Apert ah Pipe 9, “RAR tes exereter teohuse OF ths 
Ca OT Pee Bor : 
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Thee 


As can be seen from Table 1 the maximum range &y 
is quite laere - of the order of 2O miles. If an interception 
is bszun fron outsido iaaximum range, particularly in a stern 
chass, many ailles may )e covered by targst and interceptor 
befors the intercsator can overtaks tne tarpet. In certain 
cases, thorefora, it 13 dasirable to bagin the interception, 
i.@., tO cowie toa collision course, at a point Inside maxi- d 
mun rango. In ordar to stow the effect or changes in start- 
ing position, the limiting cases of heac--n and stern chase 
of the examples of this section heve baen -elected for illus- 
tration, and are pressnted in Figures 10 end 1], respectively. 
In each fipure the ren,e for each of the “ probabilities is 
presentec os a firnction of the ranre at which the search is 
berun, Thecprecsedure ompLoyed for conputing these ranges 
is cxuctsy the seme as that elready outlincda, with one ex- 
cepticn, The vaiusesus)d in the integrals for computing 
Ficures 10 and il ara vhe values obtained from Table 2 as in 
the previous 2ase, plus thie values of the integrals at the 
starting ranges. 


Pasa 


Bee 


Saas 


It will be nutleed in Figures 10 and 11 that a 
decrease in the startinz range dscreases the rance for each 
of the detection probaLilities, The dscreess which can be 
tolerated i3 sat, 0.9f cvurse, by the firing point ranga de- 
sired. A simniler effect to the one just described is observed 
at each uspect an-le. Thess are not worked out in deteil 
Here. 


FR Fs SIN RI APTS 


3 ae 
pat 


If the anche over which scanning must be carried 
out cen te raduced, then the renvas for each of the probabil 
ities of contact shour. La ‘nereasea. The effects of chanres 
in seannine enple are prosented fur head-on and tail chase 
in Tstle 3, which shows tne range for sach of the 4 probabil- 
ities a3 a function of asimuth geanninz enzle @), and the 
elevation acanning angie &. Micure 12 gives, for the head-on 
attisex, tine orobabilitias of dstection up to given range for 
a varlety of azimuSh scan anel23. In all cases, tha range 
for the elven probability increases with decreasing scanning 
angle, the effect Seine more marged for the highor relative ; 
velocity, L.e., hesd or atteck. ‘ i 


: E) 


{ 
, 
i 
\ 
rf 
‘ 


The lever init to the azimuth scanning anjle is by 
set, «f course, ty the accurecy with which U.1,G. can vector 
the interceptor on a cclhision ccurss. The interceptor will, a 
in spenerbl, te cfi a reletive collision course by some lateral by aa? 
range, In *igure “2 the lateral rengze covered by the scan ae 
LS 2. 7én 88 2 fase ion OF Pegs ror sank of « punlber of acannin, ed 

anion (r}s This Lateral renee in miles te, Le R ein ( ait; @) 3 
Witten, So bo Onveihod Wr Meaie al “abec hly 
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